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ABSTRACT
The classic article by Hertz in the early 1960s utilized simulation
to introduce risk analysis into capital investments evaluation. In the
1970s risk analysis was severely criticized, but studies found sensitivity
analysis contributed significantly to corporate decision making and
innovation. By the mid 1970s inflation, working capital and forecasting
errors were seriously affecting the profitability performance of capital
investments. - This article extends the Hertz model to include inflation,
working capital and forecasting errors and compares profitability
results under various scenarios. Sensitivity analysis indicates profit-
ability can be markedly lower when working capital policy limits, inflation
and forecasting errors are explicitly included.

THE SENSITIVITY OF CAPITAL INVESTMENT PROFITABILITY
TO INFLATION, WORKING CAPITAL AND FORECASTING ERRORS
In 1964 David Hertz [9] wrote a classic article that utilized simu-
lation as a technique for introducing risk, analysis in the evaluation of
capital investments. He advanced further uses of the model in 1968 [10]
.
The simulation technique and risk-analysis developed by Hertz are widely
used in leading corporate finance textbooks [3, 4, 11, 13, 17, 20, 21,
22]. Furthermore, the original article is reprinted in several financial
management readings books [1, 2, 15].
Although Hertz made a significant contribution to capital investment
analysis, simulation and risk analysis have received substantive criti-
cism from Carter [5], Hastie [8], and Lewellen and Long [12]. The pri-
tnary critical comments focused on the following: the high costs of using
a computer to operate a simulation model; the high cost of executive time
in assessing probabilities to the variables exceeded the benefits received;
the bias of project advocates in under assessing the probability of losing
money; the inability of management to forecast unexpected events that
result in unanticipated net cash outflows; the inflexibility of a strongly
centralized company in making risk assessments for key variables in capital
investment analysis; the need to alter existing management procedures to
utilize risk analyses techniques; and finally, the failure of a single
project analysis to capture the portfolio effects that exist among invest-
ment alternatives.
Despite the criticisms of risk analysis, the major benefits of simu-
lation are the insights gained by management in analyzing the sensitivity
of cash flows or forecasted earnings to minor or major changes in key
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variables, Myers [16, pp. 460-461], Hastie [8, pp. 39-40], and Gentry
[6, p. 572], These studies show that the information generated by a
simulation model reduces uncertainties and intangibles before management
reaches a decision. McKenney [14, p. 602] suggests simulation processes
can aid the development of an innovation that might not otherwise take
place. Simulation models can effectively play a catalytic role in: (1)
the design for data development; (2) a forum for the discussion of the
future; (3) a laboratory for experimentation; (4) a statement on the art
of planning; and (5) a curriculum for improving the planning process [14,
p. 602], Because sensitivity analysis contributes significantly to top
management innovations and decision making, there is a need to extend
the original Hertz model to include three new dimensions—inflation,
working capital and forecasting errors.
During the early 1960s when the original Hertz model was developed,
the inflation rate was stable and relatively low, therefore, it was not
considered a crucial planning component. In the mid 1970s it became
Imperative that financial planning explicitly take inflation into account.
With the advent of higher inflation rates forecasting became more dif-
ficult and the occurrence of large forecasting errors became more fre-
quent. Inflation and forecasting errors often result in a shortfall in
operating cash flow, which leads to an increase in the financing of
inventory and/or receivables. The result is an increase in short-term
loans or a stretching of payables.
There are other reasons for identifying and measuring the costs
and benefits created by the working capital components and linking them
explicitly into the total investment planning process. More-than-likely
,
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in its early life an investment is operating below capacity, while later
in the life cycle, there is often an increase in operating capacity.
Thus, throughout the life of an investment there is often a continuing
growth of investment in working capital. Furthermore, the discounted
outflows related to cash, receivables and inventories can range from
a modest to a major proportion of the total cost of an investment. The
need for additional investment in working capital is dependent on the
type and size of investment, the size and growth of the market, the
growth of the relative market share and the length of the planning
horizon. Also the source of financing these current assets, either
long or short-term, can affect the cash flow patterns of an investment.
Within many corporations, the management of the working capital
components is usually separate from the capital investment and long-run
financial planning systems. Continuous communications between operating
and strategic management are vital to the long-run success of a firm,
but communications are often infrequent or nonexistent. In summary,
the preceding observations indicate the need to integrate explicitly
the working capital components into the capital investment decision-
making process, and allow for the dynamics of forecasting errors and
inflation.
The article has several objectives. The primary task is to expand
the original Hertz model to show inflation, forecasting errors and
working capital policy effects on the sensitivity of an investment's
return measures. The net present values (NPV) and internal rates of
return (IRR) generated by the original model are compared to the profit-
ability measures of the revised simulation model. Simultaneously, the
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sensitivity of NPVs and IRRs will be compared under various scenarios
that involve changes in inflation rates, forecasting errors and trade
credit policies. The final objective is to summarize the primary con-
tributions of the article,
THE MODEL^
The Original
The Hertz model [9] divides capital investment analysis into three
major categories—market, investment and cost. The market analysis vari-
ables are market size, growth rate of market size related to the life
cycle of the product, and market share related to the price of the pro-
duct. The investment analysis variables are life of the investment, on
line time, initial and future investment costs excluding working capital
costs. The cost analysis variables are the variable and fixed costs.
Each variable is assumed to be stochastic and independent. However, it
is assumed the parameters specified for each variable reflect management
perception of the interrelationships among the variables. The variables
invcived in the original capital investment module are presented in
Exhibit 1. A flowchart of the capital investment module is presented
in Appendix A.
The program randomly selects in a sequential order a value from the
specified distribution for each variable. The uncertain and dymanic
characteristics of the capital investment process are reflected in this
random interaction of the variables. The selected values are used in
the calculation of NPVs, IRRs, and a benefit/cost ratio (B/C) for each
simulation. This process including the working capital module is
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repeated 100 times and the final outcomes are profitability profiles or
cumulative frequency distributions of NPV, IRR and B/C.
Inflation
Inflation affects both forecasted revenues and costs, but more-
than-likely it will not impact revenues and costs uniformly. To accom-
modate these differences the model incorporates four separate inflationary
adjustment distributions. These four distributions are presented in
Exhibit 1. There is an inflation adjustment for the price of the pro-
duct. The same distribution is also used to generate inflationary ad-
jiistments to interest rates. These could be separate distributions,
but they were combined to reduce programming complexity. The inflation
adjustments to costs are in three distributions
—
purchases, labor costs
and fixed costs.
Working Capital
Working capital components can generate either cash inflows or out-
flows. There are two primary causes of swings in working capital cash
flows. First, in planning for forecasted sales management establishes
upper and lower policy limits for inventories, receivables and payables.
If actual sales are close to forecasted sales, and the level of inven-
tories, receivables and payables remain stable, there will be no erratic
swing in the working capital components. However, swings in working
capital flows are often caused by forecasting errors. For example, if
actual sales are less-than forecasted, inventory will accumulate and
result in a cost for carrying the excess inventory. Exhibit 2 shows
management establishes an upper level for inventories which serves as
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a signal to reduce production. In contrast, if actual sales are
greater-than forecasted, management first uses buffer inventories be-
fore increasing production to meet the increased demand and maintain
the minimum required ending inventory level. Additional sales can
result in marginal costs for acquiring the necessary materials and
labor. In anticipation of forecasting errors management establishes
inventory policies. Exhibit 2 summarizes management inventory policies
and reactions to forecasting errors. Exhibit 1 highlights the inventory
policy limits introduced in the extended model.
The size of the investment in receivables and the size of the credit
provided by suppliers is a fundamental relationship in the management of
working capital. If the level of receivables and payables are relatively
similar in size, it indicates management has designed credit policies
that synchronize cash flows. If management policy results in receivables
being consistently larger-than payables, such a policy usually results
in an expansion of short-term loans. The opposite occurs when suppliers
are used as a primary source of financing. Finally, in anticipation of
sales being less-than forecast, management establishes policies to ac-
celerate the collection of receivables and/or stretch payables. A sum-
mary of management trade credit policies and reactions to forecasting
errors are presented in Exhibit 2.
The model assumes management establishes a target range for the
level of receivables and payables. This target is expressed as a ratio
of receivables to sales (R/S) and payables to sales (P/S) . The differ-
ence between R/S and P/S (R/S - P/S) reflects management's trade credit
policy. The trade credit policy is expressed as a distribution and is
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shown in Exhibit 1 as one of the new stochastic variables in the extended
model
.
A second cause of swings in working capital cash flows relates to
the components of short-term liquidity, i.e., cash, marketable securi-
ties, and short-term borrowing. These short-term liquidity components
are the buffer accounts utilized by management to accommodate either a
shortfall or an excess in cash flow from operations. A cash flow short-
fall can occur when sales are less-than forecasted. In adjusting to
this forecasting error. Exhibit 2 shows management can either reduce
cash to a minimum level, or sell existing marketable securities and/or
borrow short term. Excess cash flow can occur when demand is greater-
than forecasted. When excess cash occurs, management can either retire
existing short-term debt, rebuild cash and marketable securities level,
and/or invest in additional plant and equipment. In planning for fore-
casting errors, management establishes policies for minimum and maximum
cash and marketable securities as well as establishing levels of credit
or revolving credit terms at specified interest rates. A summary of
policies related to cash, marketable securities and short-term borrowing
and reactions to forecasting errors are presented in Exhibit 2. There
is a highlighting of the policy limits related to the liquidity compon-
ents found in Exhibit 1.

ANALYSIS
The objectives of this section are to illustrate the use of the
revised model as an aid to management in interpreting the effects of
inflation, working capital and forecasting errors in capital investment
analysis; and to show the sensitivity of an investment's profitability
measures to the addition of inflation, working capital and forecasting
errors. In accomplishing these objectives the first task is to develop
a standard case for the purpose of making comparisons. The input in-
formation for this standard case involving a hypothetical investment
is presented in Exhibit 3. The variables that are common to both models
are presented in Exhibit 3A and the inputs needed in the revised model
are in Exhibit 3B. Except for the inflation variables, the inputs in
Exhibit 3A are identical to the variables used in the original Hertz
model. In the standard case the inflation values are identical for
both models, therefore, any difference in the profitability measures
generated by the original and the revised model are not caused by an
inflation effect. The variables presented in Exhibit 3B were discussed
earlier and are found in the graphic overview in Exhibit 1.
Traditional versus Revised
In comparing the NPV and IRR results generated by the original
Hertz model to the revised model, the differences in the profitability
measures are totally related to the addition of cash and inventory and
either short-term borrowing or lending. The inflation and forecasting
errors effects are not introduced in this test. Also trade credit is
a neutral factor, because, on balance, accounts receivable are financed
by accounts payable.
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The means and standard deviation of the NPVs and IRRs for 100 sim-
ulations of each model are found in Exhibit 4. In this comparison the
investment is acceptable regardless of the model used. However, the
mean NPV and IRR of the revised model are markedly lower than those
generated by the traditional model, i.e., the mean NPVs are $6.5 million
vs. $9.2 million, respectively, and the mean IRRs are 21.0 percent vs.
28.4 percent, respectively.
The trends of the mean annual net cash flows generated by each
model are also presented in Exhibit 4. The net cash flows of the re-
vised model are lower than the flows of the traditional model in each
year. The difference between the two net cash flow patterns are directly
traceable to the cash outflows related to the addition of cash and in-
ventory and the repayments of short-term debt. Thus by explicitly add-
ing cash and inventory management policies into the capital investment
aruilysis a lower cash flow pattern emerges.
Because short-term borrowing is used to finance inventory and
casti requirements. Exhibit 4 shows the net cash flows in the revised
model are close to zero for year 1. This occurs because the cash out-
flows required for adding inventory are greater than the operating
inflows generated by the investment. The shortfall in cash is financed
wit:h short-term borrowing. In the traditional model when outflows were
greater than inflows in a specific period the shortfall was recorded
as a negative net cash flow. However, in the revised model, short-term
borrowing is used to finance this cash flow gap, therefore, a negative
cash flow does not exist, but rather net cash flows are shown as being
zero. This procedure closely resembles actual corporate practice where
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management uses short-term debt to finance cash flow shortfalls from
operations. Naturally, there is an interest cost attached to the short-
term debt which becomes an outflow the following period.
In summary, the revised model generated profitability results that
were lower than the original Hertz model. This occurred because working
capital management policies related to cash, inventory and short-term
borrowing were explicitly included in the analysis. It is clear that
policies to hold more cash or to have higher required ending inventories,
assuming all other variables are held constant, would produce lower
profitability on the investment, and vice versa.
Forecasting Error Effect
Experience has shown a primary criticism of simulation has been
the tendency for management to underestimate the severity of a major
cash flow shortfall. Small forecasting errors are common, but manage-
ment needs to be forewarned of the affect large forecasting errors can
have on an investment's profitablity . The objective of introducing a
forecasting error variable is to provide management a tool that tests
the sensitivity of profitability measures to large forecasting errors.
To illustrate this effect the sales forecast was revised and assumed
to be 10 percent lower than the original estimate. The difference be-
tween the original estimate and the revised forecast is the forecasting
error. The errots in forecasting are critical because the model assumes
the levels of cash and inventories for a given period are based on the
original sales forecast. Thus, for example, when actual sales are 10
percent lower than forecast, ending inventories, based on a higher sales
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estimate, are substantially greater than planned. The excess inventories
create a holding cost. The mean NPVs and IRRs resulting from a 10 per-
cent forecasting error test are presented in Exhibit 5. The mean NPV
for the revised model was $6.1 million compared to $9.2 million for the
original Hertz model. The respective mean IRRs were 20.1 percent com-
pared to 28.4 percent for the traditional model. These performance re-
sults are relatively close to the preceding tests that compared the
traditional and revised models. Because all other effects were held
constant, the revised model shows the forecasting error effect can be
traced to the increase in inventory and short term borrowing. The model
makes the realistic assumption that production in the period following
a forecasting error is reduced to take into account the excess inventory.
Thus a cummulative inventory buildup is avoided. However, if manage-
ment changed policy to hold higher required ending inventories, profit-
ability results would be lowered, and, of course, vice versa.
Credit Policy Effect
What happens to the profitability measure of a capital investment
when management expands receivables more rapidly than payables? To
illustrate the sensitivity of the profitability measures to a change in
trade credit policy, the accounts receivable/sales (R/S) ratio was set
to be, on average, 35 percent greater than the accounts payable/sales
(P/S) ratio. All other variables were unchanged from the standard case.
The simulation of this trade credit policy produced a dramatic change
in the mean NPV to $.6 million, +$1.7 million. The mean IRR was 10.8
percent, +2.3 percent. These measures are shown in Exhibit 6. The
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deviation around the mean indicates that approximately 38 percent of
the time the investment can generate net cash flows that would cause
the investment to be rejected. The path of the annual mean net cash
flows in Exhibit 6 indicate cash flows do not become positive until
year 4. However, once the cash flows in the revised model are positive,
they accelerate rapidly for each subsequent year. This unusual pattern
of net cash flows is caused by the extensive use of short-term borrowing
in years 1-4 to offset a large expansion of receivables that were only
partially financed with accounts payable. Although this policy allows
for a large expansion in receivables, the interest costs related to the
borrowing far exceeded the benefits received. When comparing the pro-
fitability measures of the two models, the reasons for including trade
credit policy in capital investment analysis are quite clear. It is
recognized that trade credit policy would not be changed without ex-
pecting an increase in market share and/or growth in the market size.
Although not illustrated, such changes in market expectation are easily
tested in the revised model.
Inflation Effect
The need to include the inflation effect in capital investment
analysis has been obvious since the mid 1970s. There are four major
Inflation adjustments in the revised model
—
price of the product, pur-
chases, labor and fixed costs. To illustrate the inflation effect, the
estimated rate of inflation for all variables is expected to increase
from a range of 3-4 percent to a range of 8-9 percent, or on average
a 5 percent change in the level of inflation. Simultaneously, the
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initial cost of capital is increased from 10 percent to 15 percent. The
value of these variables are changed for both the traditional and the
revised model. Additionally, the initial lending and borrowing rates
of interest are increased from 7 percent and 8 percent, respectively,
to 10 and 12 percent, respectively.
The sensitivity test results of the inflation effect are shown in
Exhibit 7. The mean NPV of the original model was $5.1 million, +$2.1
million, versus $1.6 million, +2.1 million for the revised model. The
IKK's were 25.4 percent, +3.2 percent, and 17.6 percent, +3.6 percent
for the revised model.
The revised model indicates that 25 percent of the simulations
generated profitability measures that would cause the investment to
be rejected. Although such a finding creates a dilemma for the manage-
ment, the analysis shows that profitability measures are quite sensi-
tive to increases in rates of inflation.
CONCLUSIONS
The primary contribution of a simulation model in evaluating a
capital investment opportunity is the depth of information and insight
provided by testing the sensitivity of NPVs or IRRs to changes in key
variables. Sensitivity tests provide management a tool to examine the
affect of various planning assumptions on the profitability measures
of an investment. The basic contribution of this article is the exten-
sion of the classic capital investment simulation model by David Hertz.
In the 1970s inflation, working capital components and forecasting
errors have become extremely important in analyzing capital investment
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alternatives. A revised model is presented that includes each of these
features
.
Sensitivity analysis indicated that profitability performance can
be markedly lower when the investment includes policy limits for the
carrying of cash and inventory and the cost of financing of cash flow
shortfalls with short-term debt. The inclusion of inflation, trade
credit and forecasting errors each produced a substantially lower NPV
or IRR than generated by the original model. In summary, although the
sensitivity tests were quite simplistic, each one demonstrated the
need for management to include the inflation, working capital and fore-
casting error effect when evaluating a capital investment.
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APPENDIX A
A flowchart of a revised capital investment model is presented in
Exhibit 8. The model is subdivided into two parts. The module on the
left hand side of Exhibit 8 shows the variables included in the capital
investment decision analysis process and the sequencing of the decision
process in determining the net cash flow, net present value and internal
rate of return. The parts included in the working capital module are
identified by dotted lines surrounding the components. The sequence of
the working capital module is on the right hand side of Exhibit 8. The
dotted lines show where the working capital components are integrated
into the capital investment analysis.
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FOOTNOTES
1,A technical presentation of the model is in [7]
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EXHIBIT 1. SIMULATION OF THE WORKING CAPITAL - CAPITAL INVESTMENT PROCESS
SPECIFY
• BEGINNING CASH
• MINIMUM CASH
• MAXMUM CASH
• BEGINNING RECEIVABLES
• BAD DEBT ALLOWANCE
• BEGINNING INVENTORY
• REQUIRED ENDING INVENTORY
• MAXIMUM INVENTORY CUSHION
• COST OF EXCESS INVENTORY
• GROSS MAHGIN FOR PURCHASES
• PERCENTAGF OF MARGINAL SALES ACHIEVED
• GROSS MARGIN FOR ADDITIONAL PURCHASES
• MARGINAL LABOR COST ON MARGINAL SALES
• SHORT TERM BORROWING RATE
• SHORT-TERM LENDING RATE
PROBABILITY VALUES FOR
SIGNIFICANT VARIABLES
RANDOMLY SELECT VALUES
FOR EACH VARIABLE
IN THE TOTAL SET
COMPUTE RATE OF RETURN,
NET PRESENT VALUE
AND BtNEFIT/COST RATIO
FOR tlACH COMBINATION
REPEAT PROCESS TO PROVIDE
A SIMULATED CUMULATIVE
FREQUENCY DISTRIBUTION
OF RATES OF RETURN
NET PRESENT VALUES
AND BENEFTT/COST RATIOS
EV.
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EXHIBIT 3A
INPUT INFORMATION FOR THE VARIABLES IN BOTH MODELS FOR THE STANDARD CASE
Variable
Market Size in year 1
Growth Rate of Market Size For ...
years 1-3
years 4-7
years 8-11
Market Share (price of $11)
Life of Investment
Initial Investment
Future Investment Cost in year 5
Labor Costs for Production Level .
1
2
3
. ixed Costs for Production Level .
1
2
3
Annual Inflation Rate for
. .
.
Price
Purchases
Labor Costs
Fixed Costs
Cost of Capital in year 1
On line time
Price (first year on line)
Gross Margin on sales
Range With
A Normal Distribution
4 to 5 million units
-2% to 12%
-5% to 15%
-10% to 15%
17% to 22%
8 to 12 years
$7.5 to $8.5 million
$1 to 2 million
$2.50 to $3.00 per unit
$2.25 to $2.75 per unit
$2.50 to $3.00 per unit
$150,000 to $250,000
$175,000 to $275,000
$200,000 to $300,000
3% to 8%
4% to 9%
3.5% to 8.5%
3% to 8%
Single Point Inputs
10%
end of year 1
$11.00
50%

EXHIBIT 3B
INPUT INFORMATION FOR THE NEW VARIABLES IN THE REVISED MODEL FOR THE
STANDARD CASE
Variable
Trade Credit/Sales
Sales Forecast year 1
Growth in Sales Forecast for
years 1-3
years 4-7
years 8-11
Beginning Cash
Minimum Cash (a % of fore-
casted sales) for ...
years 1-3
years 4-7
years 8-11
Maximum cash including marketable
securities
Beginning Receivables
Bad Debt Allowance
Beginning Inventory
Required Ending Inventory (% of
forecasted unit sales) for
production level . .
.
1
2
3
Maximum Inventory Cushion (% above
the level of required ending
inventory)
Cost of carrying excess inventory
Percent of marginal sales achieved
Gross margin resulting from
Additional Purchases
Marginal labor cost on marginal sales
(% above forecasted labor cost)
Short-term borrowing rate
Short-term lending rate
Range With
A Normal Distribution
-2.5% to +2.5%
800,000 to 850,000 units
0% to 10%
0% to 14%
-5% to +15%
Single Point Inputs
6%
5%
4%
20% above minimum cash
10%
12%
10%
9%
20%
Cost of capital, 10% in year 1
40%
40%
10%
8%
7%
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EXHIBIT 8. CAPITAL INVESTMENT AND WORKING CAPITAL FLOW CHART
CAPfTAL INVESTMENT (INITIAL VALUES) WORKING CAPITAL
1. First Year Price (P,)
2. Market Share
3. Cost of Capital (1) -
4. Inflation Rate
5. Market Growtti Rate
8. Future Investment
9. Year of Future Investment
10. Fixed Cost
11. Labor Cost
12. Cost of Goods Sold
1. Growth Rate in Forecast
2. % Achieved of Potential
Marginal Sales
3. Cost of Excess Inventory
4. Cost of Goods - Additional
7. Required Ending Inventory
8. First Year Sates Forecast
9. Marginal Labor Cost
10. Beginning A/R, Cash, and
Inventory j
6. First Year Tot Market -
7. Initial Investment -
13. Sales Range to Determine
Cost
5. Minimum Cash Balance
6. Maximum Cash + M/S
11. Bad Debt Allowance |
12. Interest Rate |
Select Growth Rate of Total
Market 2~N
Do N Times
Do 100 Times
Select Life of Investment - N
T
Setect 1st Market Size - &,
E
Compute Price for 2~N
Select Forecast Sales
Growth Rate for 2~N
Select Market Share
} . :
Compute Sates Demand
Compute Actual Production
Compute Actual Sales
Compute Actual Ending Inv.
2~N
Compute Labor Cost
Fixed Cost
Purchase Cost
T
I -
{ Compute Marginal !
j Labor Cost !
I
Purchase Cost
j
L
^
^
Setect Furtfier Investment
I
Compute Depreciation
±
Compute EBIT
Compute Nl
Compute Cash Received
4 Cash Payable
Compute Revised Cash Flow
X
j Compute Ending Cash + M/SJ
£
Calculate NPV. IRR, B/C
for Total N Years
^
PRINT 7
Setect 1st Year Forecast
Sales (SFQ)
.,
:::z::::z:z:::n
Compute Forecast Sales
Compute Marginal Sates
Achieved
I
Select Required Ending I
j Inventory j
u
^
,
J.
!
,
i
Compute Forecast Productionj
Compute A/R Balance (Net)
^
1
Compute Debt Allowance
J
1
Compute Cash Minimum
J .
—
1
Compute Cash + M/S Max.
1
Compute S/T Debt
Borrowing or Retirement
.,
Compute Cum. S/T Debt
^
1
Compute Interest Cost
.
1
Compute M/S Investment
and Excess Cash
J .
1
,
Compute S/T Interest
\
Revenue
j
t
-Capital Investment Model
-Working Capital Model
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